Advanced refractory alloy corrosion loop program  Quarterly progress report no. 2, 15 Jul. - 15 Oct. 1965 by Harrison, R. W.
prepared f o r  
N A T I O N A L  AERONAUTtCS AND SPACE A D M I N I S T R A T I O N  
C O N T R A C T  N A S  3 - 6 4 7 4  
. . .  
SPACE POWER A N D  PROPULSION SECTION 
M I S S I L E  A N D  SPACE D I V I S I O N  
G E N E R A L  @I E L E C T R I C  I I 






This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA: 
A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or' usefulness of the information contained in this 
report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 
B.) Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
this report. 
As used above, "person acting on behalf of NASA" includes 
any employee or contractor of NASA, or employoe of such COW 
tractor, to the extent that such employee or contractor of NASA, 
or employee of such contractor prepares, di sseminates, or 
provides access to, any information pursuant to his employment 
or contract with NASA, or his employment with such contractor. 
~ 
1 
Requests for copies of this report 
should be referred to: 
Naticrnal Aoronauticr and Spaco Administration 
Office of Scientific and Technical Information 
Washington 25, D.C. 
Attention: AFSS-A 
, 
ADVANCED REFRACTORY ALLOY CORROSION W O P  PROGRAM 
QUARTERLY PROGRESS REPORT 2 
C o v e r i n g  the  Period 
J u l y  15, 1965 to  O c t o b e r  15, 1965 
E d i t e d  b y  
R. W. H a r r i s o n  
Project Metallurgist  
A p p r o v e d  by 
E .  E.  H o f f m a n  
Manager, C o r r o s i o n  Technology 
Prepared fo r  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
L e w i s  R e s e a r c h  C e n t e r  
U n d e r  C o n t r a c t  NAS 3-6474 
O c t o b e r  29, 1965 
Technic a1 M a n a g e m e n t  
NASA . -  Lewis  R e s e a r c h  C e n t e r  
Space P o w e r  Systems D i v i s i o n  
R. L. D a v i e s  
SPACE POWER AND PROPULSION SECTION 
M I S S I L E  AND SPACE D I V I S I O N  
GENERAL ELECTRIC COMPANY 
CINCINNATI,  OHIO 45215 
. 
FOREWORD 
The work descr ibed he re in  i s  sponsored by t h e  Nat ional  Aeronautics and 
Space Adminis t ra t ion under Cont rac t  NAS 3-6474. For t h i s  program, M r .  R. 
L. Davies i s  t h e  NASA Pro jec t  Manager. 
The program i s  being administered f o r  t h e  General Electr ic  Company by 
D r .  J. W .  Semmel, Jr., and E.  E. Hoffman, i s  a c t i n g  a s  t h e  Program Manager, 
J.  Holowach, t h e  P ro jec t  Engineer, i s  r e spons i l e  f o r  t h e  loop design,  
f a c i l i t i e s  procurement, and test opera t ions .  R. W. Harr i son ,  t h e  P ro jec t  
M e t a l l u r g i s t ,  i s  r e spons ib l e  f o r  t h e  ma te r i a l s  procurement, u t i l i z a t i o n ,  
and eva lua t ion  a spec t s  of t h e  program, Personnel making major con t r ibu t ions  
t o  t h e  program dur ing  the  cu r ren t  repor t ing  period inc lude :  
A lka l i  Metal P u r i f i c a t i o n  and Handling - D r .  R. B. Hand, L. E .  
Dotson and J. R. Heeves. 
Ref rac tory  Alloy Procurement - R. G. Frank 
Qual i ty  Assurance and R e l i a b i l i t y  - G. L. H i l b r i c h  
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I INTRODUCTION 
This r e p o r t s  covers t h e  per iod ,  from J u l y  15, 1965 t o  October 15, 1965, of a 
program 20 f a b r i c a t e ,  opera te  f o r  10,000 hours,  and eva lua te  a potassium corro-  
s ion  tes t  loop constructed of T-111 (Ta-8W-2Hf) a l l o y .  Mater ia l s  f o r  eva lua t ion  
i n  t h e  tu rb ine  s imulator  include Mo-TZC and Cb-132M. The loop d e s i g n  w i l l  be 
s i m i l a r  t o  the  Prototype Loop, a two-phase, forced convection, potassium corro-  
s ion  test loop, which i s  being developed under Contract  NAS 3-2547. Lithium 
w i l l  be heated by d i r ec t  r e s i s t a n c e  i n  a primary Ioop. Heat r e j e c t i o n  f o r  con- 
densa t ion  i n  t h e  secondary loop w i l l  be accomplished by r a d i a t i o n  i n  a high 
vacuum environment t o  t h e  water cooled chamber. The compat ib i l i ty  of t h e  
selected ma te r i a l s  w i i i  be eva:r;atcd st cn_n_c!itinns r en resen ta t ive  of space 
e lec t r ic  power system opera t ing  condi t ions,  namely: 
a .  Boi l ing  temperature - 
b. Superheat temperature - 
c. Condensing temperature - 
d . .  Subcooling temperature - 
e. Mass flow rate - 
f .  Bo i l e r  ex i t  vapor ve loc i ty  - 
g. Average hea t  f l u x  i n  plug (0-18 inches) - 
BTU/hr f t 2  
h. Average hea t  f l u x  i n  b o i l e r  (0-250 inches)  - 





40 lb /h r  





During t h e  second q u a r t e r  of t he  program, work proceeded on t h e  t o p i c s  ab- 
s t r a c t e d  below: 
On August 6,  1965, n o t i f i c a t i o n  was received from t h e  NASA Program Manager 
&L 
t h a t  T-111 was selected a s  t he  containment a l l o y  and t h a t  t h e  Mo-TZC and Cb-132M 
a l l o y s  were selected for inc lus ion  i n  the tu rb ine  s imulator  f o r  t h i s  program. 
The a l l o y  T-111 i s  of primary i n t e r e s t  to  NASA f o r  app l i ca t ion  i n  l a r g e  f a c i l -  
i t i e s  f o r  developing components f o r  space power sys t ems .  
A l l  r e f r a c t o r y  a l l o y  ma te r i a l s  f o r  loop f a b r i c a t i o n  have been ordered and 
should be received about March 15, 1966. 
The l i t h ium from Lithium Corporation of America, Bessemer C i t y ,  North 
Caro l ina ,  h a s  been received.  
Revis ions i n  t h e  Prototype Corrosion Loop assembly drawings were made based 
on experience gained i n  f a b r i c a t i o n ,  i n s t a l l a t i o n  and opera t ion  of t h i s  loop. 
The changes were reviewed w i t h  t h e  NASA Program Manager and w i l l  be employed i n  
f a b r i c a t i o n  of Corrosion Loop I following approval of t h e  incorporated r ev i s ions  
by NASA. 
S p e c i f i c a t i o n s  f o r  c leaning,  welding and hea t  t r e a t i n g  Joop components a r e  
being prepared.  
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I11 PROGRAM STATUS 
A. Mater ia l  Procurement 
N o t i f i c a t i o n  was received on August 6, 1965, from t h e  NASA Program Manager 
t h a t  t h e  T-111 a l l o y  had been selected as t h e  containment a l l o y  f o r  t h i s  program. 
The nozzles  and blade specimens of t h e  turb ine  s imula tor  f o r  t he  T-111 a l loy 
loop w i l l  be made of Mo-TZC a l l o y  and Cb-132M a l l o y .  Subsequently, a l l  r e f r a c -  
t o r y  a l l o y  material required f o r  Corrosion Loop I f a b r i c a t i o n  was ordered. A 
l i s t  of t h e  shapes, s i z e s ,  and weights a re  given i n  Table I. 
I n  t h e  production of T-111 a l l o y  ingot by Fans t ee l  Meta l lurg ica l  Corporat ion,  
Muskogee, Oklahoma, tantalum and tungsten powders a r e  blended i n  one l a r g e  
charge. The powders are subsequently h y d r o s t a t i c a l l y  compacted and s i n t e r e d  i n t o  
e l e c t r o d e  bars .  Consol idat ion of t he  T-111 a l l o y  i s  accomplished f i r s t  by double 
EB melt ing the  Ta-8W s i n t e r e d  ba r s  i n t o  5-inch ingots .  The hafnium add i t ion  t o  
t h e  a l l o y  i s  accomplished by welding hafnium s t r i p s  t o  t h e  f u l l  l eng th  of t h e  
e l e c t r o d e  produced from t h e  5-inch EB ingots  and t h i s  e l e c t r o d e  i s  vacuum a r c  
m e l t e d ,  produckng, 8. 7-3/4-inch diameter T-111 a l l o y  ingot .  To-date a l l  mel t ing 
of t h e  T-111 a l l o y  has been completed and t h e  ingo t s  have been shipped t o  Canton 
Drop Forge, Canton, Ohio, f o r  ex t rus ion  i n  s t a i n l e s s  steel cans. 
The Mo-TZC a l l o y  w i l l  be obtained from t w o  sources. Climax Molybdenum Cor- 
pora t ion ,  Lansing, Michigan, and General E l e c t r i c  Company, Uamp Metals and Com- 
ponents Department, Cleveland, Ohio. Two vendors were se l ec t ed  t o  avoid program 
de lay  i n  t h e  event of processing d i f f i c u l t i e s .  On October 4, 1965, mel t ing of 
a 9-inch diameter Mo-TZC ingot  w a s  completed a t  Climax. The cropped and t r i m m e d  
ingo t ,  measuring approximately 7 inches i n  diameter was vacuum annealed a t  
2800°F f o r  1 hours, and w i l l  be canned in molybdenum and shipped t o  Allegheny 
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T A B U  I .  REFRACTORY ALLOY REQUIREMENTS FOR CORROSION LOOP I 
Weight, lbs. 
A. T e s t  Alloy (T-111) 
1. Rod -
0.125 inch  d i a .  
0.250 inch d i a .  
0.500 inch d i a .  
0.625 inch d i a .  
1.000 inch d i a .  
1.125 inch d i a .  
1.500 inch d i a .  
2.000: inch d i a  . 
2.500 inch d i a .  













1.0 inch  x 1 .0  inch 
1.0 inch x 2 . 0  inch 
3. Wire -
0.062 inch d i a .  
0.094 inch  d i a .  
4. Sheet /Foi l /Plate  
0.005 inch  x 3.5 inch 
0.006 inch x 3.5  inch 
0.040 inch x 12.0 inch 













2.35 inch OD x 0.375 inch w a l l  40 
2.50 inch  OD x 0.500 inch w a l l  50 
3.00 inch OD x 0.375 inch wall 50 
3.25 inch OD x 0,250 inch wall 40 
180 
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TABLE I (Cont'd) 
5 ,  Tube/Pipe 
3.25 inch  OD x 0.500 inch wall  
1.00 inch OD x 0,100 inch wall 
0.375 inch OD x 0.065 inch wall 
0.375 inch OD x 0.008 inch wall 
3/4 inch Schedule 80 pipe 
B. Tantalum 
1. Rod -
0.250 inch d i a .  
0.625 inch d i a .  
1.125 inch d i a .  
2. B a r  -
1 . 3  i nch  Y l.QQ illCh 
0.500 inch x 1 .OO inch 
3. Wire -
0.020 inch d i a .  
4. Sheet /Plate  
0,032 inch x 0.75 inch 
0.062 inch  x 2.125 inch 
0.250 inch x 4.00 inch 
C .  Cb-1Zr Allov 





















0.5 inch d i a .  
0.625 inch d i a .  







0.062 inch d i a .  
0.094 inch d i a .  
3 .  Sheet /Foi l /Plate  
TABLE I .  (Cont 'd) 
Weight, l b s .  
0.002 inch  x 0.5 inch 
0.002 inch x 3.50 inch 
0.005 inch x 8.00 inch 
0.0175 inch  x 12.0 inch 
0.030 inch x 24.0 inch  
0.125 inch x 4.0 inch  













2.75 inch OD x 0.125 inch wall 1 5  
15  
D. Turbine Alloy 
TZC 
Rod - .  
2.0 inch  d i a .  
1 .0  inch d i a .  
P l a t e  
1.375 inch t h i c k  











2.0 inch  d i a .  







Ludlum, Waterv l ie t ,  New York. Three 6-inch d i a m e t e r  Mo-TZC ingo t s  a r e  t o  be m e l t e d  
a t  General E l e c t r i c  by November 8, 1965. Universal  Cyclops Corporation, Bridge- 
v i l l e ,  Pennsylvania,  has scheduled r ece ip t  of an EB and a r c  me l t ed  Cb-132M a l l o y  
ingot  from Wah Chang Corporat ion,  Albany, Oregon, by November 1, 1965, f o r  f u r t h e r  
processing.  
A l l  materials necessary f o r  f a b r i c a t i o n  of Corrosion Loop I are expected 
t o  be on hand by March 15, 1966. 
T-111 a l l o y  and Cb-1Zr a l l o y  bellows were received from Mini-Flex Corpor- 
a t i o n ,  Lawndale, Ca l i fo rn ia .  Subsequently, t h e  bellows were leak  checked, in -  
spec ted ,  and c l a s s i f i e d  as t o  qua l i t y .  
S te reographic  v i s u a l  examination of the  valve bellows a t  a magnif icat ion 
of 30X ind ica t ed  a less coarse  sur face  t ex tu re  on T-111 a l l o y  bellows than  t h a t  
of t h e  Cb-1Zr a l l o y  bellows. Photomicrographs of t h e s e  bellows a r e  shown i n  
Figures  1 and 2. This type  of su r face  t ex tu re  i s  t y p i c a l  of d u c t i l e  metals  
fol lowing forming opera t ions  which requi re  ex tens ive  deformation. Metal lographic  
examination of t h e  c r o s s  s e c t i o n  of t h e  convolutions ind ica ted  good uniformity 
of w a l l  t h i ckness  i n  these bellows. A s  an example, t h e  w a l l  th ickness  v a r i a t i o n  
between t h e  apex and t h e  s i d e s  of convolutions i n  a T-111 a l l o y  bellows was mea- 
sured a s  less than 0.001 inch,  Figure 3. The g r a i n  s i z e  i n  t h e  convolut ions 
corresponds t o  ASTM 7-8. A s e r i e s  of T-111 a l l o y  bellows blanks r ep resen t ing  t h e  
var ious  s t a g e s  i n  bellows f a b r i c a t i o n  a re  depicted i n  Figure 4. The a x i a l  
d e f l e c t i o n s  of two T-111 bellows and a Cb-1Zr bellows a s  a func t ion  of load 
determined i n  similar manner previously employed wi th  t h e  t r a i l  bellows (11, are 
(1) Harr ison,  R. W. and Hoffman, E. E., Advanced Refrac tory  Alloy Corrosion 
........................... 
11 
19 Loop Program, 
1965, NASA Contract  NAS 3-6474, NASA-CR-544477. 




Figure 1. T-111 Alloy Valve Bellows. (Top - C65082015) 
(Bottom - C65082006) 
L 
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I C-----, 1.25"~-, I 
Figure  2. Cb-1Zr Alloy Valve  Bellows. (Top - C65082014) 
(Bottom - C65082007) 
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Figure  3. (a) A Transverse Sec t ion  of T-111 Alloy Bellows Convolutions 
Showing t h e  Uniformity of t h e  Wall Thickness (Orig. A830213). 
(b) A Transverse Sec t ion  a t  t h e  Apex of a Convolution Ind ica t ing  
an ASTM Grain S ize  7-8 (Orig. A830212). 
( a )  5 0 X  













presented i n  Table 11. No permanent set was observed i n  these  room temperature 
tests of the bellows i n  t h e  0.1-inch t ravel  necessary f o r  valve opera t ion .  Su f f i -  
c i e n t  T-111 a l l o y  bellows of t h i s  type  a re  on hand and w i l l  be employed i n  t h e  
loop i s o l a t i o n  and metering valves .  
A l l  p a r t s  f o r  t h e  vacuum system, argon manifold, and ho t  t r a p  f o r  t h e  
l i t h ium p u r i f i c a t i o n  system have been ordered. A l l  of t h e  Cb-1Zr f o r  t h e  l i t h ium 
s t i l l  i s  on hand. The major i ty  of t h e  p a r t s  have been ordered and received in -  
c luding  t h e  l i q u i d  metal l e v e l  probe from Mine Safe ty  Appliance Research Corpor- 
a t i o n ,  Cal le ry ,  Pennsylvania, and t h e  p a r t s  f o r  t h e  hot  t r ap .  
B. A l k a l i  Metal P u r i f i c a t i o n  
A s p e c i a l  s t a i n l e s s  s teel  shipping conta iner  f o r  l i th ium,  F igure  5,  was 
f ab r i ca t ed ,  outgassed, l e a k  checked (no leak detected a t  a d e t e c t i o n  l i m i t  of  
5 x s t d .  cc air/sec) and back f i l l e d  wi th  high p u r i t y  argon. This  con- 
t a i n e r  w a s  s en t  t o  t h e  Lithium Corporation of A m e r i c a ,  Bessemer Ci ty ,  North 
1 
Carol ina,  where it w a s  f i l l e d  w i t h  50 pounds of  high p u r i t y  l i t h ium and returned 
t o  General Electric.  
I 
The l i t h ium t o  be used i n  Corrosion Loop I w i l l  be pu r i f i ed  i n  a t i t an ium 
l i n e d ,  zirconium ge t t e red  hot  t r a p  of t h e  type which w a s  used t o  p u r i f y  potassium 
f o r  t h e  Prototype Loop. I t  w i l l  be f u r t h e r  p u r i f i e d  by d i s t i l l a t i o n  a t  reduced 
p res su re  i n  a d i s t i l l a t i o n  apparatus  which i s  e s s e n t i a l l y  a d u p l i c a t e  of t h e  one 
used t o  d i s t i l l  potassium f o r  t h e  Prototype Loop. Ce r t a in  minor r e v i s i o n s  w i l l  
be incorporated i n t o  the  l i t h ium s t i l l .  
added t o  t h e  s t i l l  pot  t o  aetermine l iqu id  l e v e l s  i n  t he  s t i l l  pot dur ing  d i s t i l l a -  
One i s  t h a t  two "I" tubes w i l l  be 
t i o n .  These tubes w i l l  i n d i c a t e  t h e  desired upper and lower l i t h ium l e v e l s  by 
abrupt  changes i n  e l e c t r i c a l  r e s i s t ance ,  Provis ion  w i l l  a l s o  be made t o  measure 
-12- 
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Figure 5, Fifty-Pound Capacity Lithium Shipping Container. 
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t h e  l i t h ium l e v e l  i n  t h e  s t i l l  received with an induct ive  type  l i q u i d  l e v e l  probe 
which has been purchased from Mine Safety Appliance Research Corporat ion,  C a l l e r y ,  
Pennsylvania. This  probe w i l l  a l s o  be used t o  measure l i t h ium l e v e l s  i n  t h e  
hot  t r a p .  
The Prototype Loop potassium p u r i f i c a t i o n  and t r a n s f e r  system drawings are 
being rev ised  i n  prepara t ion  f o r  submi t ta l  t o  NASA f o r  approval  p r i o r  t o  i n i t i a -  
t i o n  of f a b r i c a t i o n  of t h e  l i t h ium p u r i f i c a t i o n  system. 
Many of t he  p a r t s  f o r  t he  p u r i f i c a t i o n  system have been received and f a b r i -  
c a t i o n  has  started on t h e  hot t r ap .  
been completed. 
The t i t an ium l i n e r  f o r  t h i s  ho t  t r a p  has  
C. Loop Design 
rnL- cLuybI I Iu IJ  ."-..LlW. drawing of t h e  Corrosion Loop I was completed dur ing  the  pas t  
quzrter. A s c h e m t i c  drawing of t h e  loop r e f l e c t i n g  t h e  loca t ion  of var ious  
components and the  design condi t ions  i s  shown i n  Figure 6 .  The Prototype Loop 
conf igu ra t ion  was modified t o  r e f l e c t  the experience gained i n  the  f a b r i c a t i o n  
and ope ra t ion  of t he  Prototype Loop. I n  a d d i t i o n  t o  t h e  design changes i n  
se l ec t ed  components, regrouping of severa l  subassemblies i s  i n  progress  t o  f a c i l i -  
t a t e  t h e  welding and hea t  t r e a t i n g  of t h e  completed assembly. P a r t i c u l a r  ca re  
w i l l  be given t o  a s su re  s u f f i c i e n t  bends a r e  incorporated i n  the  loop design t o  
a l low f o r  thermal  expansion. Completion of t h e  design phase of t h i s  t a s k  i s  
scheduled dur ing  the  next qua r t e r .  
The changes which a r e  being made i n  t h e  Prototype Corrosion Loop design a r e  
a s  fol lows:  
1. Relocat ion of Primary EM Pump - During t h e  i n s t a l l a t i o n  of t h e  Pro- 
t o type  Loop, some d i f f i c u l t y  was experienced i n  i n s e r t i n g  t h e  p r i -  




Por t s  because of t he  90° angle  between them. 
mary EM pump from 90' to 45O from the  secondary EM pump w i l l  
e l imina te  t h i s  i n s t a l l a t i o n  problem f o r  Corrosion Loop I .  
Meving t h e  p r i -  
2. Bo i l e r  Plug Length - During the s t a r t - u p  and e a r l y  opera t ion  of 
t h e  Prototype Corrosion Loop, it w a s  observed t h a t  two f e a t u r e s  
of t h e  test  system which were most respons ib le  f o r  t he  b o i l i n g  
s t a b i l i t y  were t h e  pressure  drop ac ross  t h e  metering valve and 
t h e  12-inch long plug s e c t i o n  located i n  t h e  b o i l e r  en t rance  
region.  The b o i l e r  plug i s  a flow s w i r l i n g  device formed by 
wrapping and tack welding a l / l s - inch  diameter  w i r e  on a 1/8- 
inch diameter r o d  using a 1-inch pi tch;  This plug i s  lncated i n  
t h e  f i r s t  12 inches of t h e  1/4-inch \ I D  b o i l e r  tube.  
Although t h e  Prototype Loop has been observed t o  ope ra t e  i n  a 
s t a b l e  manner wi th  t h e  bulk of the  b o i l i n g  occurr ing  i n  var ious  
l o c a t i o n s  along t h e  b o i l e r  length,  ope ra t ion  is most s t a b l e  
when t h e  b o i l i n g  i s  occurr ing  p r i n c i p a l l y  i n  the  plug sec t ion .  
Movement of t h e  b o i l i n g  reg ion  was observed during test s t a r t -up  
due t o  changes i n  t h e  test  condi t ions and dur ing  r o u t i n e  opera- 
t i o n  a s  a r e su l t  of momentary power f l u c t u a t i o n s ,  Per iods  of 
s u b s t a n t i a l  ope ra t iona l  i n s t a b i l i t y  a r e  a s soc ia t ed  with t h e  
movement of t h e  b o i l i n g  loca t ion  t o  a new region of t h e  b o i l e r .  
More s u b s t a n t i a l  pe r tu rba t ions  of t he  system condi t ions ;  sodium 
f l o w ,  sodium temperature,  potassium flow, etc.; a r e  required t o  
d i s lodge  t h e  b o i l i n g  region from t h e  plug s e c t i o n  than t o  cause 
movement of t h i s  region from o t h e r  po r t ions  of the  b o i l e r .  
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The observa t ions  c i ted above ind ica t e  t h a t  lengthening of t h e  p lug  
po r t ion  of t h e  b o i l e r  would r e s u l t  i n  more s t a b l e  loop opera t ion  
dur ing  s t a r t -up  and during per iods when loop tes t  condi t ions  may 
change a s  a r e s u l t  of changes in  loop performance or power 
f l u c t u a t i o n s .  For t h i s  reason t h e  plug w i l l  be increased from 12  
t o  18 inches f o r  Corrosion Loop 4 .  
A review of t h e  hea t  t r a n s f e r  c h a r a c t e r i s t i c s  of t h e  plug s e c t i o n  
of t h e  prototype b o i l e r  i nd ica t e s  t h a t  lengthening t h e  plug from 
12  t o  18 inches would not s i g n i f i c a n t l y  change t h e  o v e r a l l  per- 
formance of t h e  b o i l e r .  The vapor q u a l i t y  a t  t h e  e x i t  of t h e  
-Go-cld Grlly- iiici"ease from 72 to 77c$ as sp*w&!n in Figure 7. 
Although t h e  add i t ion  of t h e  6 inches t o  t h e  plug length  w i l l  in -  
CrPBEP the h P l t  flex i?l t h i s  cec t ien  cQ*parPc! t Q  the cQmplrahle  
length  with no plug, t h e  average hea t  f l u x  i n  t h e  b o i l e r  p lug  w i l l  
decrease  from 295,000 BTU/hr f t 2  f o r  t h e  12-inch plug t o  240,000 
BTU/hr f t 2  for t he  18-inch plug. 
3. Sodium Heat Length - There are i n d i c a t i o n s  of poss ib l e  induct ion  
hea t ing  of t h e  i n s u l a t i n g  f o i l  on t h e  Prototype Loop sodium 
h e a t e r ,  To minimize t h i s  minor problem, t h e  number of t u r n s  i n  
each c o i l  of t h e  l i th ium hea ter  was increased from 2-1/2 t o  3-1/2 
t o  inc rease  t h e  o v e r a l l  electrical r e s i s t a n c e  and reduce the  cur- 
r e n t  required f o r  t h e  design power inpu t .  The increased length  
and t h e  h igher  e lec t r ica l  r e s i s t i v i t y  of t h e  T-111 a l l o y  w i t h  
r e spec t  t o  Cb-1Zr w i l l  increase t h e  o v e r a l l  r e s i s t a n c e  of t h e  


















'/// Superheat ///// 
100' Plug Exit 77% Quality 
Boiler Length, Inches  
Figure 7. Estimated Temperature Distribution and  Quality as a Function 
of Boiler Length for Corrosion Loop I. 
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4. Pressure  Transducer - An add i t iona l  s l ack  diaphragm pressure  t r a n s -  
ducer  was added downstream of t h e  metering va lve  and ad jacent  to  t h e  
o r i g i n a l  stress diaphragm pressure t ransducer .  The s l a c k  diaphragm 
pressure  t ransducer  i s  less s e n s i t i v e  t o  zero  s h i f t  and should 
provide a b e t t e r  i nd ica t ion  of  changes i n  t h e  pressure  drop ac ross  
t h e  b o i l e r  and t h e  metering valve. The f a s t  response pressure  t r a n s -  
ducer  has proven t o  be an extremely f i n e  instrument t o  d e t e c t  sta- 
b i l i t y  and w i l l  be re ta ined .  
5. Subcooler Reservoir  - The r e se rvo i r  was redesigned i n  an e f f o r t  t o  
remove p a r t i c l e s  t h a t  might be present  i n  t h e  flow c i r c u i t  by 
d i v e r t i n g  t h e  potassium through a double reversed,  l o w  v e l o c i t y  
f l o v  path.  An increase  i n  t h e  pressure  drop a s  a func t ion  of 
t i m e  dur ing  one per iod of Prototype Loop opera t ion  ind ica ted  t h a t  
s w C L 3 U p a r t i c l e s  may have been p a r t i a l l y  r e s t r i c t i n g  the  0.004- 
inch diameter annulus of t h e  metering valve.  
6. Metering Valve - A redesign of t h e  plug t o  provide b e t t e r  flow conr 
t r o l  a t  a flow r a t e  of 40 l b s  per hour of potassium was made by 
reducing t h e  inc lude  angle  of t h e  plug c o n t r o l  su r f ace  from 75" 
t o  10". Water flow tests to  check the  flow c h a r a c t e r i s t i c s  of t h e  new 
des ign  w i l l  be made when t h e  new plug becomes ava i l ab le .  The pinion 
gea r  of t he  valve d r i v e  was changed from a 6 t o  10 too th  gear  f o r  
smoother opera t ion  a t  the higher to rque  l e v e l ,  A change i n  va lve  
gea r  material from s t a i n l e s s  steel t o  hardened s tee l  on cemented 
carbides i s  a l s o  being considered t o  reduce the  g a l l i n g  tendency. 
-20- 
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7 .  Condenser - D i s t o r t i o n  and out-of-roundness w e r e  observed i n  t h e  
Prototype Corrosion Loop condenser tube a f t e r  TIG welding the  1/4- 
inch t h i c k  f i n s  t o  t h e  0.126-inch w a l l ,  3/8-inch Schedule 80 pipe.  
For Corrosion Loop I, the  d i s t o r t i o n  w i l l  be e l iminated by r ep lac ing  
t h e  3/8-inch p ipe  wi th  a 1 x 2-inch diamond shaped bar  which has 
been center gun-dri l led t o  form a 0.42-inch diameter ha l e  i n  t h e  
60-inch long condenser. This design change w i l l  a l s o  move t h e  
w e l d  zone away from t h e  flow passage and thereby s impl i fy  t h e  
cor ros ion  eva lua t ion  of t h i s  component. 
D. Q u a l i t y  Assurance 
A s2ec i I i ca t io i i  for the clea~ing 2nd hgniling nf cnrnqonents and assemblies  
f o r  a l k a l i  metal s e r v i c e  has  been prepared and w i l l  be submitted t o  t h e  NASA 
Pro jec t  Manager Tor app~-uvai .  B p e e i f i o z t l ~ ~ ~  f o r  ~ : e l d i ~ g  .ai hent t r e a t i n g  
T-111 a l l o y  components are a l s o  being prepared.  Following r e c e i p t  of T-111 
a l l o y  tubes ,  p i ck l ing  tests w i l l  be conducted t o  determine p i ck l ing  rates and 
t h e  e f f e c t  of p i c k l i n g  on sur face  qua l i ty .  As-received and pickled specimens 
w i l l  be eva lua ted  by metal lographic  examination, 
-21- 
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The progress in the fabrication of the loop materials will be monitored. 
The drawing revisions for the lithium distillation and transfer systems 
will be completed and submitted for NASA. 
Operating procedures for the new liquid metal level probe will be developed. 
The design modifications for Corrosion Loop I will be essentially completed. 
Specifications fo r  cleaning, welding, and heat treating loop components 
will be completed and submitted to the NASA Project Man%ger for approval. 
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